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1 | INTRODUCTION 


Stock markets play a key role in economic growth and development by facilitating economic activ- 
ities through efficient financial resource mobilisation and allocation, liquidity, capitalisation, risk 
sharing and diversification (Carp, 2012; Enisan & Olufisayo, 2008). Similarly, global gold markets 
perform a critical function in the world's economies because gold is an instrument and source of 
wealth when it is regarded as a commodity and monetary asset. In both the traditional and modern 
settings, gold is a unit of account and medium of exchange (Gokmenoglu & Fazlollahi, 2015). 
Stock and gold prices are predictors of expected inflation, a hedge against inflation, and critical 
assets in portfolio allocation, diversification and economic security (Gokmenoglu & Fazlollahi, 
2015; Kaufmann & Winters, 1989). Thus, volatility in the prices of stocks and gold may have 
adverse effects on financial markets and the entire economy by engendering an unsafe investment 
condition and disrupting both hedging decisions and derivative valuation (Baur & McDermott, 
2010; Ewing & Malik, 2013). Therefore, knowledge of the relation between gold and stock prices 
(and returns) is imperative for portfolio allocation and diversification (Tully & Lucey, 2007) to 
minimise risks and maximise returns on investments. 

The study of the link between assets began with the modern portfolio theory developed by 
Markowitz (1952, 1959), in which the concept of portfolio diversification was incorporated into 
the return (mean)-risk (variance) framework. The goal of portfolio diversification is to max- 
imise investors’ wealth by combining risky assets with less risky or risk-free assets in the 
investment portfolio (Markowitz, 1952, 1959; Tobin, 1958). The risk-return framework of anal- 
ysis determines the relative attractiveness of one asset (stock) relative to another (gold). There- 
fore, the need to diversify asset portfolios may be explained not only with respect to the 
riskiness of individual assets, but also with respect to the effects of other factors, such as 
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economic fundamentals, business cycles and diverse behaviours of asset markets on assets' 
returns (Markowitz, 1987, 1999; Ross, 1976). Thus, various assets or assets' markets respond 
differently to economic fundamentals (interest, exchange and inflation rates), technological 
changes and business cycle fluctuations. 

International investors realised the significance of an alternative asset such as gold following 
the effects of global financial crises on stocks' returns and investors' wealth (Gokmenoglu & 
Fazlollahi, 2015). When the stock market returns fall as a result of slowing of the economy or a 
global economic crisis, investors may shift their funds from local or foreign stocks to gold until 
the economy rebounds. Further, gold is a good standard and store of value that is not susceptible 
to the systematic risk inherent in stock. Thus, gold becomes a good alternative investment (hedge 
or safe haven) when the business cycle collapses, and stock markets and exchange rates become 
unfavourable and less attractive (Arfaoui & Rejeb, 2017). For example, when global gold prices 
increased substantially from $611.3 per ounce in January 2007 to $1,835.52 per ounce in August 
2011 (following the US sub-prime crisis and sovereign debt crisis in European countries), it was 
accompanied by a crash in stock prices. Further, recently, there has been a decrease in the price 
of gold as stock markets have begun to rebound, as in April 2013.' This development suggests 
that knowledge of the relation between gold and stock markets is imperative for policymakers, 
investors and analysts to aid in making effective decisions (Beckmann, Berger, & Czudaj, 2015; 
Kumar, 2014). 

Our study differs from earlier studies in this area in three ways. First, this study focused exclu- 
sively on E7 countries (Brazil, China, India, Indonesia, Mexico, Russia and Turkey) and Korea 
(E7+1), which are the major emerging economies that are predicted to evolve by 2020 to greater 
economies than the G7 countries. These economies have stock markets that are among the stron- 
gest in the World and have undergone both booms and busts over time (Bayraktar, 2014). They 
also are among the top economies with large gold reserves (https://tradingeconomics.com/country- 
list/gold-reserves). Because earlier studies have examined the dependency of gold and stock for the 
G7 (and other selected groups, such as BRICS), it is equally important to examine this issue for 
the E-7 countries as a group to draw lessons for policy on international portfolio diversification 
and hedging effectiveness. Second, this study was interested in the quantile dependence among 
stock market indices and gold across the entire range of quantiles. This approach, which has been 
applied in the literature recently, is able to identify asymmetries and provide rich information con- 
cerning the correlation between markets under various conditions. Third, rather than focusing on 
either the contemporaneous relations (with respect to regression analysis) or predictability (in the 
Granger causality sense) as in previous studies, this study accomplished both by combining the 
bivariate cross-quantilogram Han, Linton, Oka, and Whang (2016) introduced recently with the 
quantile-on-quantile regression (QQR) approach that Sim and Zhou (2015) developed. This 
approach is considered worthwhile as it allows complementary analyses and provides robustness 
checks. Fourth, given that the absence of theory and sound methods upon which empirical analysis 
is based may hinder proper interpretation and understanding of results, unlike most previous stud- 
ies, this current study adds to the existing literature by providing theoretical and methodological 
bases for empirical analysis. This will aid understanding of the policymakers and policy analysts 
(in the E7 and the World at large) of the concepts and strategies for optimal international portfolio 
diversification and hedging effectiveness. It will guide them in using the results of the study for 
making informed decisions to minimise losses and maximise returns on their assets. This is 
because they will understand that gold can be a hedge for stock when it has either no or negative 
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correlation with stock portfolios and a diversifier when it has a positive, but less than perfect corre- 
lation with stock portfolios. Also, gold can be a safe haven for stock portfolio during extremely 
unfavourable market conditions. These are the motivations for the theoretical analyses and empiri- 
cal tests conducted in this study. 

Therefore, this study examined the dependence between gold and stock markets for the seven 
emerging (E7 + Korea) countries. The remainder of this paper is structured as follows: Section 2 
provides the literature review, while Section 3 explains the methodology of the study. Section 4 
presents and discusses the empirical results, and Section 5 summarises the paper with policy 
implications. 


2 | LITERATURE REVIEW 


The literature on the dynamic relations among various commodity prices and the stock market is 
extensive and widespread across major regions of the world. These relations have been explored 
for the global market (Kang, McIver, & Yoon, 2017; Reboredo & Ugolini, 2017; Sadorsky, 2014), 
cross countries (Ciner, Gurdgiev, & Lucey, 2013; Choudhry, Hassan, & Shabi, 2015; Raza, Shah- 
zad, Tiwari, and Shahbaz (2016), Asia (Arouri, Lahiani, & Nguyen, 2015; Bouri, Jain, Biswal, & 
Roubaud, 2017a; Bouri, Roubaud, Jammazi, & Assaf, 2017b; Huang, An, Gao, & Huang, 2016; 
Kumar, 2014; Mensi, Hammoudeh, Reboredo, & Nguyen, 2015; Ziaei, 2012), Europe (Charlot & 
Marimoutou, 2014; Hoang, Lean, & Wong, 2015; Shahzad, Raza, Shahbaz, & Ali, 2017), United 
States (Akgül, Bildirici, & Ozdemir, 2015; Baruník, Kocenda, & Vácha, 2016; Baumóhl & 
Lyócsa, 2017; Bekiros, Nguyen, Uddin, & Sjó, 2016; Creti, Joéts, & Mignon, 2013; Gokmenoglu 
& Fazlollahi, 2015; Hood & Malik, 2013; Mensi, Beljid, Boubaker, & Managi, 2013) and Aus- 
tralia (Bekiros, Hernandez, Hammoudeh, & Nguyen, 2015). 

Much empirical evidence appears to support gold's role as both a hedge and a safe haven in 
times of stock market volatility. For example, Baur and McDermott (2010) explored the role of 
gold in the global financial system using the maximum-likelihood approach. The study covered the 
G7 and BRIC countries, as well as Australia and Switzerland in a monthly series that ranged from 
March 1979 to March 2009. The results indicated that gold is both a hedge and a safe haven for 
large stock markets in Europe and the United States, while it is not a hedge in Australia, Canada, 
Japan and the BRIC countries. Further results revealed that gold may act as a moderating force for 
the financial system by reducing losses in the face of extreme negative market shocks. In the same 
vein, Hood and Malik (2013) conducted a similar study under conditions of changing stock market 
volatility using US daily data from November 1995 to November 2010. The results from a correla- 
tion and regression analyses provided evidence that, among precious metals, gold provides a hedge 
and a safe haven for the US stock market, although its role as a safe haven is weak. However, in 
periods of extremely low or high volatility, gold is not correlated negatively with the US stock 
market, while the volatility index performs better as a hedging tool and safe haven. Also, Gürgün 
and Ünalmis (2014) examined the case of emerging and developing countries using daily data 
spanning the period from January 1980 to September 2013. Employing the GARCH (1,1) 
approach, their empirical results demonstrated that in the majority of the countries studied, gold 
was both a hedge and a safe haven for domestic investors. Similar results also were found for the 
post-2008 crisis period. In addition, gold served as a safe haven for both domestic and foreign 
investors when there were severe declines in equity market returns in the majority of countries. 
Similar findings were obtained by Kumar (2014) for Indian stocks and Beckmann et al. (2015) for 
country specific and regional stocks. 
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Moreover, Mensi et al. (2015) examined whether stocks, gold or US Treasury bills (T-bills) 
serve as a hedge and a safe haven asset in the six GCC stock markets. Applying a vine copula 
approach to analyse weekly data from June 2005 to July 2014, they reported that gold is both a 
hedge (with the exception of the UAE and Saudi Arabia) and a safe haven asset for all the GCC 
stocks. In addition, the Islamic equity index and 3-month US Treasury bills are safe haven assets 
during crisis periods and hedge assets in times of tranquil markets. For all GCC stock markets, the 
portfolios with gold performed better than their counterparts that did not include gold. Using daily 
prices and indices from January 2013 to November 2014, Gokmenoglu and Fazlollahi (2015) 
employed an ARDL bound-test approach for the case of the United States. Their estimates revealed 
that, although oil prices and their volatility have a long-run effect on US stock prices, gold prices 
have the greatest effect in the long and short run. This suggests simply that gold can act as a sub- 
stitute for stock. In the short run, the volatility of oil and gold had a non-significant influence on 
the US stock, while they exerted a significant effect in the long run. Raza et al. (2016) applied a 
non-linear ARDL approach to examine the asymmetric effect of gold and oil prices, as well as 
their associated volatilities, on the stock prices of emerging economies between January 2008 and 
June 2015. According to their results, gold prices had a negative effect on stock prices for Mexico, 
Malaysia, Thailand, Chile and Indonesia, while they had a positive effect on stock prices for 
BRICS economies. In the same vein, the effects of gold and oil volatilities on the stocks of all 
emerging economies were negative in both the short and long run. They also reported that stock 
markets in emerging economies are more susceptible to bad news and events that engender unsta- 
ble economic circumstances. 

Evidence also has indicated that gold performs better only as a hedge against stock market 
risks, while other commodities or precious metals are better qualified as safe havens. To this end, 
Shahzad et al. (2017) adopted Sim and Zhou's (2015) quantile-on-quantile (QQ) approach for 
monthly data that ranged from 1989 to 2016 for five developed markets and five Eurozone coun- 
tries. They indicated that gold is a strong hedge and diversifier for the stock portfolio during mar- 
ket stability, but it does not act as a safe haven for stock portfolio bonds that do so. The 
dependence between stock-gold and stock-bond pairs was irregular, country-specific and driven 
by market conditions. Arouri et al. (2015) investigated both return and volatility spillovers between 
world gold prices and the stock market in China between March 2004 and March 2011 using Ling 
and McAleer's (2003) VAR-GARCH framework. The results demonstrated the existence of signifi- 
cant volatility cross-effects between world gold prices and Chinese stocks, while the time-varying 
patterns of the conditional volatility of Chinese stock returns were influenced significantly by the 
previous shocks to gold returns. The authors also reported that adding gold assets to a well-diversi- 
fied portfolio of stocks improved the risk-adjusted performance, implying that gold can be used 
effectively to hedge stock risk exposures. 

Moreover, Akgül et al. (2015) suggested that Markov-Switching Bayesian VAR models can be 
used to evaluate the non-linear association between gold prices and the stock market index using 
data covering the period from April 1986 to November 2013. They discovered that in the pre-crisis 
and crisis periods, gold prices exhibited a diminishing response to S&P 500 shocks, although the 
response reversed in the second period, the growth period. However, the S&P index responded dif- 
ferently to gold prices shocks in all regimes. During the growth period, the S&P's response to gold 
prices was negative, but was positive in the first period and the crisis regime. Using multivariate 
GARCH models, Sadorsky (2014) modelled volatilities and conditional correlations between the 
stock indices of socially responsible investments, and oil and gold prices. Analysing weekly data 
from December 1998 to May 2012, he reported that the lagged return of the socially responsible 
investment and gold returns affected oil returns, but there was little evidence of a spillover effect 
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with respect to returns. Gold and oil produced the greatest conditional correlation, while average 
hedge ratios and portfolio weights for DJSI were similar to average hedge ratios of the S&P 500 
for both gold and oil. 

Safe haven implications for the gold market, rather than hedges for the stock market, have been 
reported equally by various authors. For example, using US data from January 1999 to December 
2016, Baumóhl and Lyócsa (2017) employed Han et al.'s (2016) bivariate cross-quantilogram to 
examine the directional predictability of the stock market sector indices to gold. Their results 
proved that gold can be regarded as a safe haven over the study period. However, results for the 
pre and post-crisis periods showed that the safe haven feature of gold is dynamic. Also, Creti et al. 
(2013) investigated the links between price returns for 25 commodities and stocks during the per- 
iod from January 2001 to November 2011 using the dynamic conditional correlation (DCC) 
GARCH methodology. Their results revealed that correlations between stock and commodity 
returns changed over time, particularly since the financial crisis period, when they were highly 
volatile. Moreover, they showed that correlations between gold and stock returns largely were neg- 
ative and decreased in periods of declining stock prices, suggesting that gold serves the safe haven 
function. Further, Chkili (2016) analysed the dynamic correlations and hedging effectiveness 
between gold and stock markets in BRICS countries. Estimates from the Asymmetric DCC model 
applied to weekly data from January 2000 to July 2014 indicated that conditional correlations 
between gold and stock markets changed over the study period. In addition, the results showed 
small and negative correlations during major financial crises, which suggest that gold can act as a 
safe haven against abnormal market behaviours. The results also suggested that risk-adjusted 
returns can be enhanced by including gold in the stock portfolio. 

Moreover, Choudhry et al. (2015), who investigated the relation between gold and stock mar- 
kets in the UK, United States and Japan during the global financial crisis, employed non-linear 
causality tests and reported similar results. Using daily data from January 2000 to March 2014, 
their empirical analysis showed a significant non-linear feedback effect among gold returns, stock 
market returns and stock market volatility during the financial crisis for the three countries. How- 
ever, very limited evidence of significant feedback was found during the pre-crisis period. While 
gold may serve as a safe haven during stable financial conditions, it may not perform well during 
financial crisis periods. The stochastic dominance (SD) analysis which Hoang et al. (2015) per- 
formed on French data ranging from December 1949 to September 2012 showed that at the second 
and third orders, stock portfolios with gold quoted in Paris outweighed those without gold stochas- 
tically. The results also held during unstable or crisis periods, which suggest that risk-averse inves- 
tors maximise their expected utilities by including gold in their stock portfolios. However, in the 
case of bond or risk-free assets for which portfolios without gold dominated those with gold, these 
results did not hold. Like those provided by Paris, portfolios including gold quoted in London 
showed similar results. Further, Mensi et al. (2013) analysed the return links and volatility trans- 
mission between commodity and stock markets using daily data for the period 2000-11. Estimates 
from the VAR-GARCH model showed that previous shocks and volatility of stock prices had sig- 
nificant effects on oil and gold markets. They found the greatest conditional correlations between 
the stock and gold indices, as well as between the stock and WTI oil price indices. The results 
revealed that the risk-adjusted return performance overall improves when commodities such as 
gold are added to a stock-diversified portfolio. Related findings were also reported by Ziaei 
(2012), Mensi, Al-Yahyaee, and Kang (2017), Kang et al. (2017) and Bouri et al. (2017a, 2017b). 

Contrary to common opinion, few studies have provided evidence that gold is neither a hedge 
nor a safe haven for stock market risks. Basher and Sadorsky (2016) modelled volatilities and con- 
ditional correlations among emerging markets’ stock, oil, gold and bond prices and the volatility 
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index using dynamic conditional correlation (DCC), asymmetric DCC (ADCC) апа GO-GARCH. 
The results showed a significant positive correlation between emerging markets’ stock prices and 
oil prices, implying that oil, rather than gold and bonds, is the best hedge for emerging market 
stock prices. Similarly, using US and UK datasets, Ciner et al. (2013) explored the return relations 
between major asset classes from January 1990 to June 2010. Their results could not establish gold 
as a hedge or safe haven for the equity or bond markets. Estimates from ARCH and quantile 
regressions suggested that exchange rate fluctuations can be hedged effectively using the gold mar- 
ket, while the bond market continued to be a good hedge for the equity market in both countries. 
They found further that gold always acted as a safe haven during crashes in exchange rates in both 
countries. 

In addition, Iqbal (2017) studied the hedging potential of gold against adverse movements of 
stock prices, inflation and exchange rates in India, Pakistan and the United States using daily and 
monthly data from 1990 to 2013. EGARCH and quantile regression estimates revealed that gold 
acted as a safe haven against exchange rate risk in Pakistan and India. However, the evidence of 
gold hedging stock market risk was not uniformly strong in varying gold market conditions in the 
three countries. In addition, gold hedged inflation risk in the United States only during average 
and bearish conditions of the gold market, but not during bullish trends. Estimates also suggested 
that gold served as a safe haven against deteriorating local currency in Pakistan. Charlot and Mari- 
moutou (2014) evaluated the relation between the prices of oil and those of precious metals by 
adopting the multivariate regime-switching decision tree. Using daily data covering January 2005 
to October 2012, they found that oil, gold and silver volatility were highly sensitive to shocks, 
with no evidence that gold was a hedge or safe haven for the stock market. Moreover, the results 
suggested that oil and precious metals have their own specific dynamics and types of responses to 
shocks among the commodities studied. 

This literature review revealed that a number of studies exist on the link between gold and 
stock markets. These studies largely have reported inconsistent results given the various issues 
addressed and methodologies adopted. Therefore, this calls for further investigation of the dynamic 
relation between the two markets. In addition, no study in this area exists for the emerging E-7 
markets (Brazil, China, India, Indonesia, Mexico, Russia and Turkey) and Korea (as a group), 
while none of the studies has combined the complementary approaches introduced recently, such 
as Granger causality in quantile and QQR methods to conduct robust analyses. 


3 | THEORY AND METHODOLOGY 


3.1 | Theory 


As stated in the introduction, the relation between assets can be analysed using the concept of port- 
folio diversification that Markowitz (1952, 1959) incorporated into the modern portfolio theory on 
return (mean)-risk (variance) analysis. Investors' choice of assets is a function of the amount of 
asset-specific risk they are prepared to take and the returns expected on the assets, which depend 
on the movement of the economic fundamentals, business cycles and diverse behaviours of asset 
markets, as well as firm-specific factors contained in the capital asset pricing model (CAPM) and 
the arbitrage pricing model (Markowitz, 1987, 1999; Ross, 1976; Sharpe, 1964). To maximise 
investors’ wealth, investment portfolios need a mixture of risky assets with less risky or risk-free 
assets (Markowitz, 1952, 1959; Tobin, 1958). Various assets' prices or markets respond differently 
to economic fundamentals (interest, exchange and inflation rates), technological changes and busi- 
ness cycle fluctuations. Some investors in open economies operate at the global level, in which 
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their investment portfolios are diversified across economies and currencies. This international 
dimension of portfolio diversification can be analysed in the context of the international capital 
asset pricing model (ICAPM) developed by Bakaert and Harvey (1995), in which international 
market risk factors are incorporated into the return-risk framework for optimal assets selection (De 
Santis & Gerard, 1997; Guesmi & Nguyen, 2014). Thus, the collapse of the stock market price (re- 
turns) following an economy's poor performance (or global economic crisis) might cause investors 
to shift their funds from domestic assets, such as stocks, to international assets, such as gold, until 
economic performance improves. Thus, gold serves as a good investment option (hedge or safe 
haven) when economic activities falter, stock markets become less attractive, and the exchange 
rates become unfavourable (Arfaoui & Rejeb, 2017). 

The mean-variance framework from the modern portfolio theory will be reflected in the articu- 
lating of our models for analysis. Thus, both mean and variance equations will be specified and 
estimated in the context of Granger causality in quantile approach. Based on the foregoing, and for 
each of the mean and variance equation results, we hypothesised that there is either a negative 
relation between stock and gold, and the converse, or a negative relation between stock and gold 
prices (returns), such that gold can act as a hedge for stock. We also hypothesised that this nega- 
tive relation could be more pronounced during sudden changes in the global economy (e.g., during 
a global economic crisis) such that gold does serve as a safe haven for stock. This hypothesised 
relation between stock and gold was analysed empirically using the following econometric meth- 
ods. The framework for presentation and analysis of results are discussed in the concluding part of 
this section. 


3.2 | Granger causality in quantiles approach 


Consistent with Baumóhl and Lyócsa (2017), this study used Han et al.'s (2016) bivariate cross- 
quantilogram, which measures the lead/lag dependence between (conditional) quantiles in two time 
series. This method is an extension of the quantilogram Linton and Whang (2007) developed, 
which captures the predictability of different quantiles of the distribution of a stationary time series 
in a bivariate setting. The unconditional quantile version of the cross-quantilogram approach was 
employed in this study. 

Denoting the continuous returns as х;, i= 1, 2, and t= 1, 2,..., Т, where index i is either 
returns on gold or a corresponding stock index, the time series x;; is assumed to be strictly station- 
ary with the unconditional distribution function F;(.), the unconditional density function f,(.) and 
the corresponding unconditional quantile function ат) = inf(v:F;(o) > ту), for т; € (0, 1). 

For an arbitrary pair of т = (т, T2), the interest is in estimating the dependence between the 
event (xj, € qi.í(7,)) and {x2, t < qo, t(t2)} given an integer k = +1, +2,... Now, defining a hit 
function ya(u) = Ди < 0] — a, the cross-quantilogram is specified as follows: 


a E| т1 (а; = 4.1) Br (а-к - 4зл—к(тә))] | i 


VETA i- (ада) yE |A (Gor (а) 


The cross-quantilogram in Equation (1) is seen as a cross-correlation of quantile-hit processes. 
Equation (1) corresponds to Linton and Whang's (2007) quantilogram only if the two series are 
identical. Given the unconditional estimate of quantiles 4% i(t;), the sample cross-quantilogram is 
defined thus: 
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б; = è 
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Equation (2), the value of which is, by construction, limited to o*t(k) € [-1, 1], describes the 
magnitude of the directional dependence in the quantiles of two time series. In our setting, the 
lead/lag parameter k was used to control the delay in the predictability in days from one time ser- 
ies to another. The hypothesis of the corresponding statistical test is of the form: 


Q) 


Но : ot(1) = --- = от(р) = 0, 


Hy: 04, pk) Z 0, k = 1, 2,... p, the interest of this study, is the directional predictability from 
event (xo. < qo, (T2): К = 1, 2,..., р} to event (xi, < q1 (ту)}. According to Han et al. (2016), 
the following Ljung-Box type of test statistics is appropriate: 


P *2(k 
a(t) = T(T +) È 2. (3) 


Following Baumóhl and Lyócsa (2017), Politis and Romano's (1994) stationary bootstrap proce- 
dure was employed to obtain the critical values, in which pseudo samples were constructed from 
blocks of data with random block lengths. The expected block size is given by Politis and White 
(2004) and Patton, Politis, and White (2009). 

Causality in mean (first moment) and variance (higher moment) can be tested in a procedure 
that requires extreme care. Rejection of the causality hypothesis at m moment does not imply non- 
existence of causality at k moment (for m « К) because causality in variance implies volatility 
transmission, which may exist even if there is no causality in the mean. As applied by Shahzad et 
al. (2017) and Nishiyama, Hitomi, Kawasaki, and Jeong (2011), we adopted the non-parametric 
Granger quantile causality method. Causality in higher order moments is demonstrated using the 
following process: 


У = 8(Ү,-1) T 6(Х,-1) =, (4) 


where =, represents an (iid) process distributed independently and identically; с (-) and g (-) are 
unknown functions that must satisfy certain properties that are sufficient for the stationarity of y,. 
Equation (4) does not permit linear or non-linear causalities from X, , (оу, but allows Х,_| to have 
predictive content for y? when o (-) is an established non-linear function. 

Stock (x;) does not cause gold (y;) in the 0-quantile with respect to the lag-vector of: 


У ПРСА po Xt ERRETES р if Qo(yr. У; оу p> Xt о Xt p) = Qe s Ур). (5) 


In addition, x, presumably is the cause of y, in the 0-th quantile with respect to: 


У piss Ур Мм—]) s Xi-p if Об(уу; 19522201 р Xt ERRETES p) = Оө(уу-1,.-.-,У—ь)› (6) 


Qo (ye) is the conditional quantile of у, which depends on 1, where the quantiles are restricted 
between zero and one (0 < 0 < 1). Based on Equations (5) and (6), the hypothesis to be evaluated 
for the causality-in-quantiles can be written as follows: 


Ho = Р] Fpa Уи} = Ө} = 1, (7) 
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Hy = PLP ys, (Од 1)121) = 0] (8) 


Because Equation (4) shows that the squares of Х, у do not necessarily enter into the non-linear 
function o (-), Equations (7) and (8) are re-specified into null and alternative hypotheses for causal- 
ity in variance as follows: 


Ho = PÍ Ру, {Oo(¥i-1)|Z-1} = Ө} = 1, (9) 


Н, = PÍ Ea, {бои = 9} <1. чш) 


It is possible for causality to exist in the second moment (variance) together with the causal- 
ity in the conditional first moment (mean). This may create a problem with the causality test 
that is based on the definition given in Equation (4). This is illustrated in the model given as 
follows: 


У = g(X, 1, У 1) Е. (11) 


Therefore, for higher order causality-in-quantiles, Equations (9) and (10) are written as follows: 


Но = РЕ, {ОИ} = e =1 fork =1,2,...k, (12) 


H, = а, = 9} < fork = 1,2,...k. (13) 


It is specified that x, Granger causes у, in quantile Ө up to the K-th moment. Using Nishiyama 
et al.'s (2011) sequential testing approach, we tested causality in both models (Equations (4) and 
(11)). In this approach, non-parametric Granger causality in the first moment (mean, where k = 1) 
was tested first, before proceeding to test causality in variance even if the non-causality was not 
rejected. In essence, the process tests the null for k = 1 and then constructs the tests for k = 2. 
This approach allows one to test the presence of causality only in variance, as well as causality in 
the mean and variance successively. 

It should be mentioned that Granger causality (which indicates incremental predictability) may 
differ significantly from economic causality. The limitation of this approach should be recognised 
by the users of this work. 


3.3 | Quantile-on-quantile regression (QQR) approach 


The QQR approach used in this study followed Shahzad et al.'s (2017) specification, which derives 
from a methodology Sim and Zhou (2015) developed recently. The QOR method, which can be 
regarded as a generalisation of the standard quantile regression approach, is used to examine the 
effect of the quantiles of a variable on the conditional quantiles of another variable. This approach 
is a mixture of quantile regression and non-parametric estimation. In the initial stage, the tradi- 
tional quantile regression was adopted to estimate the effect of an independent variable on the dif- 
ferent quantiles of the dependent variable. As an extension of the classical linear regression model, 
the quantile regression technique Koenker and Bassett (1978) developed permits a more compre- 
hensive description of the association between variables by analysing the tails of the distribution of 
the dependent variable. Subsequently, the local linear regression method Stone (1977) introduced 
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and Cleveland (1979) developed further was employed to estimate the local effect of a specific 
quantile of the explanatory variable on a dependent variable. This method enabled us to circum- 
vent the well-known “curse of dimensionality” problem inherent in purely non-parametric models. 
Consequently, the combination of these two techniques allowed us to model the relation between 
quantiles of explanatory variables and those of dependent variables. Compared with what is 
obtained using alternative estimation techniques, such as ordinary least squares or standard quantile 
regression, the QQR method provides richer information. 

In this study, the following nonparametric quantile regression model was specified to analyse 
the dependence between stocks and gold: 


SP, = B°(GD,) + uff, (14) 


where SP, is the stock returns of a given country in period t, GD, represents the gold return (hedge 
instrument available to investors in the country in period t) and 9 is the Өй quantile of the condi- 
tional distribution of the stock return, and и/ is a quantile error term the conditional 6th quantile 
of which is equal to zero. Moreover, В (GD,) is an unknown function because of lack of prior 
information about the relation between financial assets. 

In measuring the effect of gold returns (GD) on the distribution of the stock returns, the quan- 
tile regression model allows such an effect to diverge across different quantiles of stock returns. 
The QQ specification is flexible, as no hypothesis is made about the functional form of the relation 
between stock and gold returns. However, a major weakness of the method lies in the fact that it 
does not account for the possible influence of the characteristics of the stock and gold markets' 
shocks on the relation between gold and stock returns. Moreover, analysing the relation between 
the ӨШ quantile of real stock return and ће rth quantile of the gold return (GD), denoted by GD’, 
requires the use of local linear regression to examine Equation (1) in the neighbourhood of СО". 
This function can be approximated through a first order Taylor expansion around a quantile GD* 
as f? (GD,) is unknown, such that: 


B^ (GD, eff (GD") + 6" (GD")(GD, — GD’), (15) 


where В is the marginal effect or response. It is the partial derivative of (С) with respect to 
GD and is interpreted in a similar way as the coefficient (slope) in a linear regression model. In 
Equation (15), the parameters f? (GD^)a and f? '(GD^) are indexed twice in Ө and т. Given that 
ВСР") and ff? (GD^) are functions of 0, and that СО" is a function of т, ВСР") and / (Ср?) 
are both functions of Ө and т, and therefore are substituted accordingly. Thus, Equation (15) is 
rewritten as follows: 


P'(GD;)e fio (8, т) + В (9,t)(GD, — GD’). (16) 
Substituting Equation (16) into Equation (14) yields: 
SP, = By(9,7) + 61 (0, 7)(GD, — Ср") + и, (17) 


where (*) in Equation (17) is the @th conditional quantile of the stock return. However, unlike the 
standard conditional quantile function, this expression mirrors the relation between the О quantile 
of the stock and the rth quantile of gold (the hedge instrument). These parameters may differ 
across diverse 9 quantiles, while no linear assumption is made between the quantiles of the vari- 
ables. Equation (17) therefore estimates the general dependence structure between the stock and 
gold (hedge instrument) via the dependence between their distributions, respectively. 
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Solving the following minimisation problem provides the local linear regression estimates of 
the parameters Ро and 5), which are the estimates of ро and f: 


T F,(GD,) — 
Min }'_үбе[5Р, — bo — bi (GD, — ap") x (и) bo, bi. (18) 


In Equation (18), со(и) is the quantile loss function, which is defined as og (и) = и(0 – I 
(и < 0)). К (с) represents the kernel function, with h serving as the bandwidth parameter of the 
kernel. The study applies the Gaussian kernel to weight the observations in the neighbourhood of 
GD' because of its computational simplicity and efficiency. It is symmetric around zero and 
assigns low weights to observations farther from zero. These weights are assumed to be related 
inversely to the distance between the empirical distribution function of GD,, denoted by: 


1 n 
Е„СР,— к11(СРк<СР,). 
п 


In addition, the value of the distribution function that corresponds with the quantile СО” is 
denoted by т. In non-parametric estimation techniques, the bandwidth controls the smoothness of 
the resulting estimate. As the bandwidth increases, the potential for bias in estimates becomes lar- 
ger, while smaller bandwidths usually are associated with higher variance. Thus, a bandwidth is 
needed that strikes a balance between bias and variance. A bandwidth parameter h = 0.05 was 
used in this study, which is consistent with Sim and Zhou (2015) and Shahzad et al. (2017). 

In conclusion, the above Granger causality model (bivariate cross-quantilogram) used for testing 
the directional causality in quantiles between stock markets and gold market will be estimated and 
analysed based on the following. The results generated from the model will be presented for mean 
and variance along the mean-variance framework developed from the modern portfolio theory, 
which is the basis of the international capital asset pricing model (ICAPM) advanced by Bekaert 
and Harvey (1995). Following Baumóhl and Lyócsa (2017) and Shahzad et al. (2017), the results 
will be presented in form of heat maps in which the x-axis corresponds to a quantile of the gold 
market returns, and the y-axis represents a quantile of the stock market returns. Thus, gold is said 
to be a clear safe haven if significant negative coefficients exist only in the upper left corner of the 
heat map. In this case, extreme negative stock returns (market crisis) were followed by positive 
gold returns (Table 1). 

Similarly, the QQR approach will be used to analyse the hedge, diversification and safe haven prop- 
erties of gold. Following Baur and McDermott (2010) and Shahzad et al. (2017), gold will be a hedge 
for stock when it has a zero and/or negative correlation with stock portfolios and a diversifier when it 
has a positive, but less than perfect correlation with stock portfolios. Also, when gold has a hedging 
property for stock portfolio during extremely unfavourable market conditions, it is said to be a safe 
haven. This provides a basis for the interpretation of our results and for drawing policy lessons. 


4 | RESULTS AND DISCUSSION: STOCK-GOLD 
DEPENDENCE 


4.1 | Descriptive statistics 


Figure 1 shows the plot for gold and stock returns for the countries selected. The plot indicates 
volatility clustering in stock returns for most of the countries when there are periods of high 
volatility followed by periods of relative tranquillity. In particular, while stock returns appeared to 
be highly volatile between 2006 and 2010 across the countries selected, the volatility was higher 
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FIGURE 1 Plot of gold and stock returns for the selected countries [Colour figure сап be viewed at 
wileyonlinelibrary.com] 


in China than any other country selected. This development could be traced to the uncertainty that the 
world economy faced following the global financial crisis that occurred during this period. The gold 
market also experienced similar volatility, which became pronounced during 2006-13. Therefore, this 
may suggest a possible dependence between gold and stock returns across the countries. 

The descriptive statistics of the series used in the empirical analysis are shown in Table 2. Average 
stock returns were highest in India (0.000755) and lowest in China (0.000218), while the minimum 
(—0.39455) and maximum (0.202039) stock returns were recorded in Russia. The mean, minimum 
and maximum gold returns were 0.00042, —0.09596 and 0.068414, respectively. Moreover, the statis- 
tics showed that the series had similar patterns of stock return volatility, with Russia and Turkey the 
countries with the most and least volatile returns, respectively, while all series were skewed nega- 
tively. In addition, Russian and Chinese stock prices were characterised by the highest and lowest 
excess kurtosis. All the normality tests statistics showed that both the stock and gold series were dis- 
tributed normally, while the linearity test (Brock, Dechert, & Scheinkman, 1987; BDS test statistics) 
revealed that the null hypothesis of linearity should be rejected at the 1.0% level for stock returns 
across markets and global market gold returns. Thus, all the series were non-linear across quantiles. 


4.2 | Analysis of results of Granger causality in quantiles? 


Results of directional causality in quantiles from stock markets to the gold market are presented in 
Figure 2 in the form of heat maps. As stated in the concluding part of Section 3, the x-axis corre- 
sponds to a quantile of the gold market returns, and the y-axis represents a quantile of the stock 


?The readers should remember that Granger causality indicates incremental predictability, which may not necessarily indicate 
economic causality. 
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FIGURE 2 Directional causality in quantiles from stock market sector to gold (values are p-values). 
Note: x-axis corresponds to a quantile of the gold returns, and y-axis to a quantile of the stock returns [Colour 
figure can be viewed at wileyonlinelibrary.com] 


market returns. Gold is said to be a clear safe haven if significant negative coefficients exist only 
in the upper left corner of the heat map. In this case, extreme negative stock returns (market crisis) 
were followed by positive gold returns. 

The heat map for the full sample results shows that there was no negative coefficient across all 
quantiles for all countries selected, which suggests that gold does not serve as a safe haven for stocks 
during stock market turmoil. Areas in various shades of blue running from the south-west corner of 
the heat map to the north-east corner indicate that the coefficients are close to zero when both gold 
and stock markets’ returns are simultaneously in the lower, middle, and upper quantiles, as in the case 
of India. This suggests that, in India, when both markets are experiencing similar market conditions 
(bearish, average or bullish), gold will serve as a clear hedge for stock. For Indonesia and Mexico, 
gold served as a hedge only when its market was average or bullish, regardless of the stock market 
conditions. This result was valid for China only under average gold market conditions. 
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FIGURE 2 Continued. 


Yellow patches are concentrated in the upper left and lower right corners of the heat map in 
the case of Brazil and China. In these countries, extreme negative stock returns (lower quantiles) 
appeared to be followed by extreme positive gold returns (upper quantiles), as the coefficients 
were «0.1. Thus, gold was a weak diversifier for stock during bearish and bullish market condi- 
tions in Brazil and China. For most of the other countries, these yellow (and near yellow) patches 
are found in either the lower quantiles or both the lower and upper quantiles of the heat map, 
indicating that the weak diversifier property of gold can be experienced both during periods when 
the gold market yields low and high returns. Thus, gold is not a safe haven for stock in all the 
countries selected, a result supported by Baumóhl and Lyócsa (2017) for all US sectors consid- 
ered in the sample overall, except health care, information technology and telecommunication 
services. 

Analysis by sub-samples revealed that, in the pre-crisis period, yellow patches dominated the 
map areas for almost all the countries except India, where the shades of yellow were found very 
close to zero. During the post-crisis period, the countries selected exhibited varying hedge and 
diversifying properties. For example, the shades of blue and yellow patches are hardly observed 
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for India, suggesting that gold is a hedge for stock regardless of the market conditions in the two 
markets, but gold could be a weak diversifier for Chinese stock during any market condition, and 
these properties could surface at different market times. Thus, in both pre and post-crisis periods, 
while gold is a clear hedge for stock under almost all market conditions in India, it appears to be a 
weak diversifier for stock in most of the other countries selected during almost all of the periods 
prior to the crisis, but at different times thereafter. 

The results of the quantile causality in the mean and variance from stock to gold and gold to 
stock are presented in Figure 3a-c. The quantiles are shown on the horizontal axis, while the verti- 
cal axis displays the non-parametric causality test statistics that correspond to the quantile on the 
horizontal axis. The 5% critical value (represented by the thick line) was 1.96, while the 10% criti- 
cal value (the thin line) was 1.64. 

Considering the full sample, the quantile causality test-in-mean from stock to gold followed a 
similar pattern across all quantiles for all countries (Figure 3a). According to the results of the quan- 
tile causality test-in-mean conducted on the null hypothesis that stock does not Granger cause gold 
was not rejected at either the 5% (1.96) or 10% (1.64) critical values in all quantiles for nearly all of 
the countries selected. However, results of a similar test of the null hypothesis that gold does not 
Granger cause stock were significant in different quantiles across the countries studied. For Korea, 
the hypothesis was rejected at all levels of significance for all quantiles, while over the same quantile 
ranges, it was not rejected for China. In the case of India, Brazil and Turkey, the same null hypothe- 
sis was not rejected at the 5% level of significance only over intermediate quantiles (0.35—40), inter- 
mediate to higher quantiles (0.35-0.75), and short to long or higher quantiles (0.25-0.80), 
respectively. In the case of Russia and Indonesia, this hypothesis was rejected only in the extreme 
upper and lower quantiles, and only in the extreme upper quantiles in the case of Mexico, at the 5% 
significance level, but was not rejected in all quantiles at the 10% level for these countries. 

The results of the quantile causality test-in-variance from stock to gold also followed a similar 
pattern across all quantiles in all countries (Figure 3b). With both critical values of 1.96 and 1.64, 
the null hypothesis that stock does not Granger cause gold was rejected in all quantiles and for all 
countries except Indonesia. However, the results of a similar test conducted on the null hypothesis 
that gold does not Granger cause stock was not rejected for middle to high quantiles for Russia, 
Indonesia, India and Turkey. However, this hypothesis was rejected for all quantiles for Mexico, 
Korea, China and Brazil. 

Analysis of the results of the causality test-in-mean for the pre-crisis period indicated that the null 
hypothesis that stock does not Granger cause gold was not rejected at both the 5% and 10% signifi- 
cance levels in all quantiles for all countries except Indonesia, where it applied at the 10% significance 
level (Figure 3a). Nevertheless, the results implied that stock does not Granger cause gold in all the 
countries regardless of quantiles (at 10%). The reverse hypothesis, that gold does not Granger cause 
stock, was not rejected at the 5% significance level in all quantiles only for India and China, while it 
was not rejected at the 10% significance level in all quantiles across countries. However, in the case 
of Indonesia, Mexico and Russia (to some extent), the null hypothesis that gold does not Granger 
cause stock was rejected at the 5% level of significance. From the results of the tests of the two 
hypotheses, it can be concluded that, in the pre-crisis period, there was no causality between stock 
and gold in all quantiles across countries (at 10%). Thus, stocks and gold appeared not to have predic- 
tive power for each other in both bearish and bullish market conditions for nearly all the countries. 
These results regarding causality in the mean appear to be consistent with those Shahzad et al. (2017) 
reported, who employed the same method for five developed and Eurozone peripheral countries, 
where oil returns had no predictive power for gold returns in bearish (lower quantiles) and bullish 
(upper quantiles) market conditions. Therefore, there is potential for these assets to hedge each other. 
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FIGURE 3 (а) Results of quantile causality in mean and variance from stock to gold and from gold to stock 


for the full sample. (b) Results of quantile causality in mean and variance from stock to gold and from gold to stock 
for the period before (Pre) crisis. (c) Results of quantile causality in mean and variance from stock to gold and from 
gold to stock for the period after (Post) crisis [Colour figure can be viewed at wileyonlinelibrary.com] 
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Results for the causality-in-variance showed that the null hypothesis that stock does not Gran- 
ger cause gold was not rejected at both the 5% and 10% significance levels in all quantiles across 
the countries (Figure 3b). This means that stock does not predict gold in all quantiles across coun- 
tries. However, the hypothesis that gold does not Granger cause stock was rejected at both the 5% 
and 10% significance levels in nearly all quantiles in many of the countries, particularly Brazil, 
India and China. Further, the hypothesis was not rejected at the 5% and 10% levels in the interme- 
diate and upper quantiles for Turkey, was not rejected at the 10% level in only some middle quan- 
tiles in Indonesia, was not rejected at the 10% level in several upper quantiles (0.7-0.85) and in 
the 0.8 quantile in Mexico and Russia, respectively. These results indicate that, although stock 
does not predict gold (regardless of quantiles and countries), it can be predicted by gold (in most 
countries and quantiles). Thus, stock can serve as a hedge for gold, but the reverse (gold cannot 
act as a hedge for stock) may not be applicable in the case of the countries analysed. 

Results of the causality test-in-mean for the post-crisis period revealed that, although the 
hypothesis that stock does not Granger cause gold was not rejected at the 10% level in nearly all 
the countries and quantiles, it was not rejected at both the 5% and 10% significance levels in 
nearly all quantiles only for Brazil, India, Russia and Turkey (Figure 3b). For the other countries, 
the hypothesis was not rejected at the 5% level in some quantiles (middle to upper quantiles in 
Mexico and Korea; only in middle quantiles in Indonesia, and in intermediate to upper quantiles in 
China). At the 10% significance level, it can be concluded that stock does not predict gold in 
nearly all countries and quantiles. Thus, stock can hedge gold in these countries in nearly all quan- 
tiles. Looking at the other hypothesis, that gold does not Granger cause stock, the results diverged 
between India, in which it was rejected at both the 5% and 10% levels across quantiles, and Rus- 
sia, Mexico, Korea and China, in which it was not rejected at the two levels. Further, the hypothe- 
sis was not rejected in the intermediate to upper quantiles and upper middle quantiles for 
Indonesia (at both the 5% and 10% levels), Brazil (at the 5% level) and Turkey (at the 10% level), 
respectively. This implies that the predictive power of gold for stock is very high only in India, 
but is very low in Russia, Mexico, Korea and China, while it varies across quantiles in the other 
countries. Thus, gold can serve as a hedge for stock in most countries, particularly Russia, Mexico, 
Korea and China, but not India. 

Analysis of the results of the causality test-in-variance (Figure 3c) revealed that the hypothesis 
that stock does not Granger cause gold was rejected at both the 5% and 10% levels in all quantiles 
across countries (except several intermediate quantiles in Mexico, and in middle, as well as several 
upper quantiles in India at 10%). Similar results also were found in the test of the hypothesis that 
gold does not Granger cause stock (except in the 0.7 quantiles in Russia). Thus, gold does predict 
stock in nearly all quantiles across nearly all countries. Therefore, gold cannot act as a safe haven 
in the sample countries. The results of the causality in variance appeared to differ slightly from 
Shahzad et al.'s (2017) findings, where the stock market moved in connection with gold market 
volatility only during periods of stress. 


4.3 | Analysis of QQR results? 


Reliable conclusions can be reached on the hedge, diversification and safe haven properties of gold 
using the QQR approach, which combines quantile regression and nonparametric estimation. Gold 
was hypothesised to be a hedge when it has a zero and/or negative correlation with stock portfolios 


5We recognise that our results may be affected by the lack of other important variables in the QQR model and our results 
may be biased because of the omitted variables problem. However, the results are useful for policy analysis. 
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and a diversifier when it has a positive, but less than perfect correlation with stock portfolios (Baur & 
McDermott, 2010; Shahzad et al., 2017). Thus, when gold has a hedging property for the stock port- 
folio during extremely unfavourable market conditions (lower quantiles), it is said to be a safe haven. 
Figure 4a to c displayed the estimates of the slope coefficient (Beta), which captures the dependence 
between the tth quantile of gold returns and Өй quantile of stock returns for all the countries selected. 
The z-axis presents the QOR estimates of the slope coefficient (Beta) plotted against the quantiles of 
gold and stock returns, which are represented on the x and y-axis, respectively. 

Considering the full sample, a weak positive dependence (Beta values «0.1) was observed for 
all the quantiles of gold and stock returns across all the countries selected, although this depen- 
dence became greater during extreme bearish and bullish market conditions (Figure 4a). This 
shows that gold can be both a weak diversifier and a hedge for stock in all the countries. In partic- 
ular, the dependence between stock and gold returns approached zero when both markets experi- 
enced mild market conditions (between 0.2 and 0.8 quantiles). In the extreme quantile of gold 
(below 0.2 and above 0.8), the dependence between gold and stock returns was higher than that 
obtained in other quantiles, regardless of the quantile of stock returns for all countries. This was 
especially noticeable in the case of Brazil, China, Russia and Mexico. 

The results for the full sample discussed above largely were consistent with those obtained for 
the pre-crisis period, except in the case of Turkey, where high positive beta values were obtained 
with high dependence between gold and stock returns in extreme quantiles (Figure 4b). 

The results above also were valid for the post-crisis period, although very low dependence between 
gold and stock returns was observed in almost all quantiles in the case of China, suggesting that gold acts 
as a hedge only for stock returns under all market conditions (Figure 4c). Further, the strong dependence 
between gold and stock returns in extreme quantiles was notable only in the case of Indonesia during the 
period. This result implies that during both bearish and bullish gold market conditions in these countries, 
gold acts as a diversifier for the stock market, but not a safe haven during all market conditions. 

Shahzad et al. (2017), who applied similar methods to study the case of the United States, UK, 
Japan, Canada and Germany, obtained results that corroborate those above, and found that gold 
served as a strong hedge and diversifier during normal and bullish market conditions. 

The estimates of standard quantile regression (QR) were compared with those of the QOR to 
check the validity of the QQR approach. The averaged estimates of the QQR and standard QR for the 
full sample and sub-samples are plotted in Figure 5a to c. The coefficients of QQR reflected a similar 
pattern for all the samples, as observed from the quantile regression estimates, regardless of the quan- 
tile for all countries. This finding was consistent for all the countries across all periods (full sample, 
before and after crisis). Thus, the use of the QOR approach is valid. A consistent finding was a posi- 
tive stock-gold relation across various quantiles for all the countries. In essence, the results reflected 
a weak diversification function of gold for stock during all market conditions in all the countries 
selected. 

Generally, the dependence between gold and stock returns in all countries selected was very 
weak, given the extremely low (close to zero) coefficients in all the quantiles across all periods. 
Thus, gold can serve as a hedge and diversifier in these countries during bearish, average and bull- 
ish market conditions. This finding is consistent with those Shahzad et al. (2017) reported for the 
case of Japan and the UK, as well as those of Baur and McDermott (2010) for Australia, Switzer- 
land, the G7 and the BRIC countries. It also is consistent with those of Ciner et al. (2013) for the 
United States and UK, Mensi et al. (2015) for Saudi Arabia, the UAE, Bahrain, Kuwait, Oman 
and Qatar and Raza et al. (2016) for the BRICS countries, Mexico, Malaysia, Thailand, Chile and 
Indonesia. 
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FIGURE 4 (а) Quantile-on-quantile estimates of the slope coefficient (Beta) for the full sample. (b) Quantile- 
on-quantile estimates of the slope coefficient (Beta) for the pre-crisis period. (c) Quantile-on-quantile estimates of 
the slope coefficient (Beta) for the post-crisis period [Colour figure can be viewed at wileyonlinelibrary.com] 


It should be stated that the similarities and differences in the foregoing results across countries 
and periods analysed in this study are attributable to additional factors, including the following. 
Stock markets in various countries may respond differently or similarly to economic fundamentals, 
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business cycles and dynamics in the global economy that drive international markets, including the 
global gold market. Further, gold's attractiveness as a hedge or diversifier for stock also varies 
across countries depending on the availability of other financial assets and investment 
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opportunities, as well as investors’ preferences. The levels of integration of domestic commodity 
markets (including trade and financial markets) with the international markets (including gold mar- 
ket) also are important. 
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FIGURE 5 (а) Results of averaged quantile-on-quantile regression and standard quantile regression for the full 


sample. (b) Results of averaged quantile-on-quantile regression and standard quantile regression for the pre-crisis period. 


(c) Results of averaged quantile-on-quantile regression and standard quantile regression for the post-crisis period [Colour 


figure can be viewed at wileyonlinelibrary.com] 
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5 | ROBUSTNESS ANALYSIS* 
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Given that there are variables such as exchange rate and oil prices that can affect the stock—gold 
relationship (Huang et al., 2016; Iqbal, 2017; Salisu & Oloko, 2015), there is need to control for 


4We believe that to some extent the results obtained from this procedure are able to control for the effect of other variables. 


However, interested researchers and policymakers need to be careful while considering results based on conditional analysis, 


as they are based on a method which is not full proof. 
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FIGURE 5 Continued 


their effect so as to ensure robustness of our results. However, as there is no full proof test devel- 
oped for the multivariate quantile Granger causality and quantile-on-quantile regression analyses, 
we have proceeded to address the above issue in the following way. We have considered exchange 
rate (exchange rate of each country vis-à-vis US dollar) in our analysis involving quantile Granger 
causality for full sample. 
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FIGURE 6 Conditional analysis of quantile causality in mean and variance from stock to gold and from gold 
to stock for the full sample [Colour figure can be viewed at wileyonlinelibrary.com] 


We now have three variables expressed in the return series X (stock), Y (gold) and Z (exchange 
rate) and examine the Granger causality between X and Y while controlling the influence of Z. 
The starting point is to regress the lagged value of Z on Y and extract the residuals which are sub- 
sequently used to test the Granger causality in the quantile from Y to X. We believe that, to some 
extent, the results obtained from this procedure are able to control for the effect of Z on X. We 
used this procedure following Jena, Tiwari, Hammoudeh, and Roubaud (2019). 

Using the full sample data, the results obtained from the quantile causality test-in-mean con- 
ducted on the null hypothesis that stock does not Granger cause gold was not rejected at 5% 
(1.96) level of significance at all quantiles for all the countries, and only rejected at 10% (1.64) at 
the extreme quantiles (below 10% and above 90%) for Korea, Indonesia, China, Brazil and Turkey 
(Figure 6). 

However, conducting similar test for the null hypothesis that gold does not Granger cause 
stock, results show that the hypothesis was rejected at all quantiles for Korea, Indonesia, China, 
Brazil and Turkey. For Russia and Mexico, the null hypothesis was not rejected at all quantiles at 
1.64 critical value but rejected at higher quantiles (above 0.80) for both countries and extreme 
lower quantiles for Russia. In the case of India, the hypothesis that gold does not Granger cause 
stock is not rejected within the intermediate to lower quantiles (0.20—0.50). 

The results of the quantile causality test-in-variance for the null hypothesis that stock does not 
Granger cause gold were rejected, at either 1.96 or 1.64 critical values, in all quantiles and for all 
countries, except Russia and Mexico. Results of similar tests do not reject the null hypothesis that 
gold does not Granger cause stock, for intermediate to high quantiles for Mexico, Indonesia, India 
and Turkey but were rejected at all quantiles for Russia, Korea, China and Brazil. 
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FIGURE 6 Continued 


Robustness analysis therefore indicates that the results for the causality-in-variance conducted 
for the null hypotheses that stock does not Granger cause gold, and that gold does not Granger 
cause stock are largely consistent with those obtained when the influence of exchange rate is not 
controlled for. Similarly, robustness results for the causality-in-mean conducted for the null 
hypotheses that stock does not Granger cause gold are similar to those obtained when the influence 
of exchange rate is considered. When the null hypothesis that gold does not Granger cause stock 
is considered, the hypothesis was rejected at all quantiles for just a little more countries when the 
role of exchange rate in the relationship between stock and gold is accounted for, than one country 
when this role is not accounted for. Thus, considering the full sample, results are largely similar, 
whether the influence of exchange rate is accounted for in this relationship or not. Based on the 
foregoing, we believed that our other results (for pre and post-crisis periods) are also robust and 
reliable. 


6 | SUMMARY OF MAJOR FINDINGS AND POLICY 
IMPLICATIONS 


This study investigated the dependence between the global gold market and emerging stock mar- 
kets (E7+1) using daily data that spanned from January 2002 to July 2018. This dependence was 
examined by employing Granger causality in quantile and QQR methods. In particular, the study 
explored and compared quantile regression and QQR estimates, as well as causality in mean and 
causality in variance. It also plotted the directional causality in quantiles. 

The analysis based on directional causality in quantiles for the full sample showed that gold served 
as either a hedge or a diversifier for stock in the different countries during diverse stock conditions. 
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Thus, gold was not a safe haven for stock in all the countries selected. Gold appeared to be a weak 
diversifier for stock in most of the countries selected in almost all the quantiles prior to the crisis, but 
at different times after the crisis. The results of the quantile causality test-in-mean for the full sample 
showed that stock does not Granger cause gold in all quantiles for nearly all the countries selected. 
However, the results also revealed that gold does not Granger cause stock in different quantiles across 
the countries selected. The results of the quantile causality test-in-variance indicated that stock does 
Granger cause gold in all quantiles across all the countries, except Indonesia. However, the results 
also showed that gold does not Granger cause stock in middle to high quantiles for Russia, Indonesia, 
India and Turkey, while the reverse was the case for Mexico, Korea, China and Brazil in all quantiles. 
Thus, the hedge and safe haven properties of this commodity vary by country and quantile. 

Analysis of the results of the causality test-in-mean for the pre-crisis period indicated that stock 
and gold appear not to have predictive power for each other in both bearish and bullish market 
conditions for nearly all the countries. Therefore, there is potential for these assets to hedge each 
other. Results for the causality-in-variance showed that, although stock does not predict gold 
regardless of quantiles and countries, it can be predicted by gold in most countries and quantiles. 
Thus, stock can act as a hedge for gold, but the reverse (gold cannot act as a hedge for stock) may 
not be applicable in the case of the countries analysed. Results of the causality test-in-mean for the 
post-crisis period revealed that stock does not predict gold in nearly all countries and quantiles. 
Thus, stock can hedge gold in these countries in nearly all quantiles. The predictive power of gold 
for stock was very high only in India, while it was very low in Russia, Mexico, Korea and China, 
and varied across quantiles in the other countries. Thus, gold can act as a hedge for stock in most 
countries, particularly Russia, Mexico, Korea and China, but not India. Analysis of the results of 
the causality test-in-variance revealed that stock and gold do predict each other in nearly all quan- 
tiles across nearly all countries. Therefore, these assets (stock and gold) cannot act as a safe haven 
for each other in the sample countries. 

The QQR results for the full sample revealed a weak positive dependence in all the quantiles of gold 
and stock returns across all the countries selected, although this dependence became stronger during 
extreme bearish and bullish market conditions. This shows that gold can be both a weak diversifier and 
a hedge for stock in all the countries under mild market conditions. The results for the pre-crisis period 
largely were consistent with those obtained for the full sample, except in the case of Turkey, in which a 
strong dependence between gold and stock returns was seen in the extreme quantiles. The results above 
also were valid for the post-crisis period, although very weak dependence between gold and stock 
returns was observed in almost all quantiles in the case of China, suggesting that gold acts as a hedge 
only for stock returns under all market conditions. Further, the strong dependence between gold and 
stock returns in extreme quantiles was found only in the case of Indonesia during the period. This result 
implies that during both bearish and bullish gold market conditions in these countries, gold acts as a 
diversifier for the stock market, but not a safe haven under all market conditions. 

Beyond the implications drawn from the results discussed above, further inferences can be 
made. The results of the causality test-in-mean (return) and that of causality test-in-variance 
(volatility or risk) implied that, while opportunities for return spillover between the stock and gold 
markets are few in the pre-crisis period, there could be such spillover from only the gold market 
to some stock markets in the post-crisis period. Further, while there is a possibility of volatility 
spillover from only the gold market to stock market during the pre-crisis period, the chance of 
volatility spillover between the two markets was very high during the post-crisis period. Therefore, 
hedge properties of the assets were likely to be very pronounced during the pre-crisis period but 
tended to be trivial during the post-crisis period. Thus, investors, policy analysts and policymakers 
should consider international risk factors when making optimal investment allocation decisions 
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between domestic assets (stocks) and global market assets (gold), particularly during the post-crisis 
period because of the possible volatility spillover between the two assets' markets. 

The limitations of the econometric approaches used in this study are worthy of mention. First, 
we recognise the fact that Granger causality (which indicates incremental predictability) may be 
very different from economic causality. There is need to control for other important variables that 
may influence gold-stock link so as to make our results robust. Based on this fact, we have con- 
ducted a robustness check by using exchange rate as an indirect control variable in quantile Gran- 
ger causality method used for full-sample analysis. However, interested researchers and 
policymakers need to be careful while considering results based on this conditional analysis, as 
they are based on a method which is not full proof. 

Second, the results of the QQR approach used captures the bivariate relation between stock and 
gold may be biased because of the omitted variables problem. We would have liked to include 
more relevant variables in our model, but we were limited by the methodology at hand, as pre- 
sently this approach allows for only two variables, as Sim and Zhou (2015) and Shahzad et al. 
(2017) indicated. However, our results are very interesting and useful for the achievement of our 
goal, which was to conduct research to provide findings to help investors, policy analysts and poli- 
cymakers conduct policy analyses and make informed decisions. 
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